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The analysis of simultaneous laser data is investigated using
the method of trilateration. Analysis of data from 1987 to 1992 is
presented with selected baseline'rates and station positions. The
use of simultaneous Etalon data is simulated to demonstrate the
additional global coverage these satellites provide. Trilateration
has a great potential for regional deformation studies with monthly
LAGEOS American solutions between 3 - 12 millimeters.
In .the 1970s the precision of laser data was about I0 - 15
centimeters and the global distribution of satellite laser ranging
stations was poor. Since that time the international laser ranging
community has expanded and the precision of the data has improved
substantially. Most laser ranging stations now produce data with a
single shot precision on LAGEOS below 2 centimeters and much of that
data has a single shot precision below I centimeter.
During the 1970s the mathematical methods to determine
satellite positions using geometric data analysis were improved. The
term used for that method is trilateration. The primary advantage of
the trilateration technique is independent of orbit. It provides a means
of analyzing station positions and data quality in such a way as to
lower other outside influences such as satellite drag, radiation
pressure, and gravity models that are used in the orbit determination
methods. The major disadvantages to trilateration include the need for
simultaneous ranging data, the difficulty in separating range biases
from the station height, and the fact that the method does not allow for
the extraction of the gravity field and other information that can be
determined from an orbit determination process. Trilateration is also
susceptible to low signal-to-noise ratio and low precision data.
Our method of trilateration requires simultaneous data from
four or more laser ranging stations. There are several preprocessing
steps that must occur to prepare the data for analysis. The process
starts with a monthly LAGEOS fullrate release tape. Software selects
the passes in which 4 or more stations have observations during the same
timeframe. Once a timeframe has been found a polynomial is fit to the
fullrate data for each pass. These polynomials, and other information
such as the polynomial statistics and meteorological information, are
written to an output file. The process continues through the entire
data tape. After all of the polynomials have been determined,
simultaneous data points are created at 30 second intervals from the
pass polynomials. Poorly fitted passes are removed so that they don't
corrupt the solution, although this rarely occurs. Any time intervals
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within the selected passes that have fewer than 4 stations are deleted.
A summary output of the available stations and data yield is also
produced at this step. Finally, the remaining L_EOS tracking data is
separated into two sections. One section is for Europe, North Africa,
Commonwealth of Independent States. The other section is for the
Americas, Easter Island, and Huahine.
To analyze the data geometrically, each section of LAGEOS
ranging data is read in by the software. Apriori station positions and
station velocities are used to compute each stations position at the
middle of the month. The satellite position is determined for each
observation so that angle dependent corrections are computed and applied
to the data. Once all the data has been corrected an iterative process
is started. The observed minus computed values (O-Cs) from each
satellite position are determined for each epoch along with an average
satellite position. The O-Cs are then edited using a 6-sigma editing
criterion and the average satellite position is recomputed. A summary
of each stations mean and rms are written to the run stmm_ry file along
with the total number of observations per stationand the number of
edits. A sensitivity matrix is then generated. This is done by
applying small offsets to each of the station position vector elements
and determining what effect each offset has on the O-Cs for all of the
epochs. This procedure is performed for each coordinate (ie. 12 times
for 4 stations). A P transpose p matrix is generated and then inverted,
where p is the matrix of partial derivatives of the O-Cs with respect to
the adjusted station position. The O-Cs are then multipiled by the
resulting partials and a matrix is then computed. These corrections are
applied to the station positions and a new set of average satellite
positions are computed and new O-Cs determined. Again these O-Cs are
multiplied by the P matrix and reiterated. This iterative process is
repeated until the delta rms of the O-Cs between consecutive iterations
is less than one percent, or six iterations have been reached. The
total change of the station position is determined for both x,y,z and
latitude, longitude and height. The baseline lengths are determined for
only the stations involved in the solution and saved in a database.
This database also contains the month and the number of simultaneous
observations between the two stations. A sample summary for a one month
period for a European solution is shown in Figure 1. A by-product of
the solution is the point distribution plot, a sample of which is shown
in Figure 2. Baseline rates are generated from the baselines and a
least-squares linear fit of each of the station combinations is computed
by weighting the monthly baseline with the number of observations during
that month. Some sample baseline rates are illustrated in Figures 3-5.
The method of trilateration also lends itself to doing long
term solutions. In this method both the initial stationposition and
the station velocities are determined. This method of analysis is still
under development.
The requirement for simultaneous ranging data from 4 stations
requires geographic coverage over a broad area, which in turn requires
high altitude satellites. The Etalon satellites offer great potential
because of their high altitude and vislbility to a larger number of
stations at one time. However, the Etalon satellites have had a low
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global ranging priority so they are rarely ranged by more than two
stations at any one time. An intense Etalon campaign was performed
during May and June of 1992 to determine how well these satellites can
be used for Crustal Dynamics research and geometric data analysis.
Unfortunately, because of the low Etalon priorities, thecampaign
yielded no simultaneous ranging data sets from 4 stations and only 1
data set where 3 station ranged simultaneously. LAGEOS 2, scheduled for
launch in October 1992, offers the next best opportunity to obtain a
large simultaneous ranging data set. In addition, at an inclination of
about 65 degrees, there will be an opportunity to obtain simultaneous
trans-atlantic data sets on a high priority SLR satellite.
In the future, we expect that simultaneous geometric analysis
of data from LAGEOS, LAGEOS2, and Etalonl and Etalon 2, Spread over a
period of a few days, will accurately determine baselines and
velocities. Future modifications to the geometric analysis software are
expected to include the additional determination of range and time
biases from individual data sets.
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